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STACKED ELECTRONIC STRUCTURES INCLUDING OFFSET 

SUBSTRATES 
Related Application 

This application claims priority from U.S. Provisional Patent Application No. 
60/420,422 filed on October 22, 2002, the disclosure of which is hereby incorporated 
herein by reference in its entirety. 

5 Field Of The Invention 

The present invention relates to the field of electronics, and more particularly 
to stacked electronic structures. 

Background 

In packaging microelectronic devices, such as packaging integrated circuit 

10 chips on printed circuit boards, the integrated circuit chips are generally mounted 
parallel to and facing the printed circuit board such that faces of the integrated 
circuit chips are adjacent a face of the circuit board. This packaging technology 
allows a large number of input/output connections between the integrated circuit 
chips and the printed circuit board, especially when solder bump technology is 

1 5 used over the entire face of the integrated circuit chips. However, this technology 
may limit a packaging density because the large faces of the integrated circuit 
chips are mounted adjacent the face of the printed circuit board. 

Summary Of The Invention 
According to embodiments of the present invention, an electronic device 

20 may include first, second, and third electronic substrates wherein the second 
electronic substrate may be provided between the first and third electronic 
substrates. More particularly, a first electrical and mechanical connection may be 
provided between the first and third electronic substrates, and a second electrical 
and mechanical connection may be provided between the second and third 

25 electronic substrates. 

In addition, the second electronic substrate may be offset relative to the first 
and third electronic substrates so that a first end of the second electronic substrate 
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extends beyond the first and third electronic substrates and so that the first and 
third electronic substrates extend beyond a second end of the second electronic 
substrate. The first electrical and mechanical connection may thus be between 
portions of the first and third electronic substrates extending beyond the second 
5 end of the second electronic substrate. Moreover, a conductive trace may be 
provided on a surface of the third electronic substrate, with the conductive trace 
providing an electrical coupling between the first and second electrical and 
mechanical connections. 

The electronic device may also include a third electrical and mechanical 
10 connection between the first and second electronic substrates, and a conductive 
trace on a surface of the first electronic substrate. More particularly, the 
conductive trace may provide an electrical coupling between the first and third 
electrical and mechanical connections. 

The first electrical and mechanical connection may include a first 
15 conductive bump between the first and third electronic substrates, and the second 
electrical and mechanical connection may include a second conductive bump 
between the second and third electronic substrates. More particularly, the first and 
second conductive bumps may be solder bumps, and/or the first conductive bump 
may have a greater volume than the second conductive bump. 

20 Each of the first and third electronic substrates may include a device side 

having electronic circuits (such as transistors, diodes, resistors, capacitors, 
inductors, etc.) thereon and a backside free of electronic circuits. Moreover, a 
backside of the first electronic substrate may be adjacent the second electronic 
substrate, and a device side of the third electronic substrate may be adjacent the 

25 second electronic substrate. More particularly, both of the first and third electronic 
substrates may be memory devices, and both of the first and second electrical and 
mechanical connections can be electrically coupled to a data input, a data output, 
and/or an address input of the third electronic substrate. The second electronic 
substrate may also be a memory device, and both of the first and second electrical 

30 and mechanical connections can also be electrically coupled to a data input, a data 

output, and/or an address input of the second electronic substrate, and to a data 
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input, a data output, and/or an address input of the first electronic substrate. The 
first, second, and third substrates can also have a same electrical layout such as a 
same integrated circuit memory layout. 

The electronic device may also include a printed circuit board, with the first 
and third electronic substrates being integrated circuit device substrates having 
devices sides facing the printed circuit board and having backsides facing away 
from the printed circuit board. In addition, a third electrical and mechanical 
connection may be provided between the first electronic substrate and the printed 
circuit board, a fourth electrical and mechanical connection may be provided 
between the second electronic substrate and the printed circuit board, and a fifth 
electrical and mechanical connection may be provided between the second 
electronic substrate and the first electronic substrate. 

The printed circuit board may include a first conductive pad to which the 
third electrical and mechanical connection is bonded and a second conductive pad 
to which the fourth electrical and mechanical connection is bonded, and the first 
conductive pad may have a greater surface area than the second conductive pad. In 
addition, a first conductive trace may be provided on the printed circuit board 
providing electrical coupling between the third and fourth electrical and 
mechanical connections, a second conductive trace may be provided on the second 
electronic substrate providing electrical coupling between the fourth and fifth 
electrical and mechanical connections, and a third conductive trace may be 
provided on the first electronic substrate providing electrical coupling between the 
fifth and first electrical and mechanical connections. Moreover, the first and third 
electrical and mechanical connections may be electrically coupled to a data input, a 
data output, and/or an address input of the first electronic substrate, and the first 
and third electrical and mechanical connections may be electrically coupled to a 
data input, a data output, and/or an address input of the third electronic substrate. 

The electronic device may also include a fourth electronic substrate on the 
third electronic substrate so that the third electronic substrate is between the second 
and fourth electronic substrates, and a fifth electronic substrate on the fourth 
electronic substrate so that the fourth electronic substrate is between the third and 
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fifth electronic substrates. In addition, a third electrical and mechanical connection 
may be provided between the second and fourth electronic substrates, a fourth 
electrical and mechanical connection may be provided between the fourth and third 
electronic substrates, and a fifth electrical and mechanical connection may be 
provided between the third and fifth electronic substrates. Moreover, the first, 
second, third, fourth and fifth electrical and mechanical connections may provide 
portions of a signal path, with an electrical coupling being provided between the 
signal path and an electronic circuit of the fifth electronic substrate. In addition, 
the signal path may be free of electrical coupling with an electronic circuit of the 
third electronic substrate. Unique signal paths may thus be provided for particular 
electronic substrates in the device. 

The electronic device may also include a heat dissipating layer between the 
first and second electronic substrates, and the heat dissipating layer may include a 
material that is thermally conductive and electrically insulating. Moreover, heat 
dissipating layers may be provided between each adjacent electronic substrate in 
the device, and the plurality of heat dissipating layers may be coupled to a heat 
sink adjacent edges of the electronic substrates. 

According to additional embodiments of the present invention, an 
electronic device may include a printed circuit board, and first, second, and third 
electronic substrates. The first electronic substrate may be on the printed circuit 
board, and the second electronic substrate may be on the first electronic substrate 
with the first electronic substrate being between the printed circuit board and the 
second electronic substrate. The third electronic substrate may be on the second 
electronic substrate with the second electronic substrate being between the first and 
third electronic substrates. In addition, the second electronic substrate may be 
offset relative to the first and third electronic substrates so that a first end of the 
second electronic substrate extends beyond the first and third electronic substrates 
and so that the first and third electronic substrates extend beyond a second end of 
the second electronic substrate. 

In addition, a first electrical and mechanical connection may be provided 
between the first and third electronic substrates, and a second electrical and 
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mechanical connection may be provided between the second and third electronic 
substrates. More particularly, the first electrical and mechanical connection may 
be between portions of the first and third electronic substrates extending beyond 
the second end of the second electronic substrate. A conductive trace may also be 
5 provided on a surface of the third electronic substrate, and the conductive trace 
may provide an electrical coupling between the first and second electrical and 
mechanical connections. A third electrical and mechanical connection may be 
provided between the first and second electronic substrates, and a conductive trace 
on a surface of the first electronic substrate may provide an electrical coupling 

10 between the first and third electrical and mechanical connections. 

The first electrical and mechanical connection may include a first 
conductive bump between the first and third electronic substrates, and the second 
electrical and mechanical connection may include a second conductive bump 
between the second and third electronic substrates. Moreover, the first conductive 

15 bump may have a greater volume than the second conductive bump, and/or the first 
and second conductive bumps may be solder bumps. 

Each of the first and third electronic substrates may include a device side 
having electronic circuits (such as transistors, diodes, resistors, capacitors, and/or 
inductors) thereon and a backside free of electronic circuits, wherein a backside of 

20 the first electronic substrate is adjacent the second electronic substrate and wherein 
a device side of the third electronic substrate is adjacent the second electronic 
substrate. Both of the first and third electronic substrates may be memory devices. 
In addition, a first electrical and mechanical connection may be provided between 
the first and third electronic substrates, and a second electrical and mechanical 

25 coupling may be provided between the second and third electronic substrates. 

Moreover, both of the first and second electrical and mechanical connections may 
be electrically coupled to a data input, a data output, and/or an address input of the 
third electronic substrate. The second electronic substrate may also be a memory 
device, and both of the first and second electrical and mechanical connections may 

30 be electrically coupled to a data input, a data output, and/or an address input of the 
second electronic substrate, and to a data input, a data output, and/or an address 
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input of the first electronic substrate. More particularly, the first, second, and third 
electronic substrates may have a same integrated circuit memory device layout. 

The first and third electronic substrates may be integrated circuit device 
substrates having devices sides facing the printed circuit board and backsides 
facing away from the printed circuit board. In addition, a first electrical and 
mechanical connection may be provided between the first and third electronic 
substrates, a second electrical and mechanical connection between the second and 
third electronic substrates, and a third electrical and mechanical connection 
between the first electronic substrate and the printed circuit board. A fourth 
electrical and mechanical connection may also be provided between the second 
electronic substrate and the printed circuit board, and a fifth electrical and 
mechanical connection may be provided between the second electronic substrate 
and the first electronic substrate. 

The printed circuit board may include a first conductive pad to which the 
third electrical and mechanical connection is bonded and a second conductive pad 
to which the fourth electrical and mechanical connection is bonded, and the first 
conductive pad may have a greater surface area than the second conductive pad. In 
addition, a first conductive trace may be provided on the printed circuit board 
providing electrical coupling between the third and fourth electrical and 
mechanical connections, and a second conductive trace may be provided on the 
second electronic substrate providing electrical coupling between the fourth and 
fifth electrical and mechanical connections. A third conductive trace may also be 
provided on the first electronic substrate providing electrical coupling between the 
fifth and first electrical and mechanical connections. The first and third electrical 
and mechanical connections may also be electrically coupled to a data input, a data 
output, and/or an address input of the first electronic substrate, and the first and 
third electrical and mechanical connections may be electrically coupled to a data 
input, a data output, and/or an address input of the third electronic substrate. 

A fourth electronic substrate may be provided on the third electronic 
substrate with the third electronic substrate between the second and fourth 
electronic substrates, and a fifth electronic substrate may be provided on the fourth 
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electronic substrate with the fourth electronic substrate between the third and fifth 
electronic substrates. In addition, the fourth electronic substrate may be offset 
relative to the first, third, and fifth electronic substrates so that a first end of the 
second electronic substrate extends beyond the first, third, and fifth electronic 
5 substrates, and so that the first, third, and fifth electronic substrates extend beyond 
a second end of the fourth electronic substrate. In addition, a heat dissipating layer 
may be provided between the first and second electronic substrates wherein the 
heat dissipating layer includes a material that is thermally conductive and 
electrically insulating. 

10 According to still additional embodiments of the present invention, an 

electronic device may include first, second, and third electronic substrates, with the 
second electronic substrate being between the first and third electronic substrates 
and with each electronic substrate having opposing first and second sides. In 
addition, a signal path may extend along the first surface of the second electronic 

15 substrate, to the second surface of the first electronic substrate, along the second 
surface of the first electronic substrate, to the first surface of the third electronic 
substrate, along the first surface of the third electronic substrate, and to the second 
surface of the second electronic substrate. 

The signal path may include a first conductive trace on the first surface of 

20 the second electronic substrate, a first electrical and mechanical connection 
between the first surface of the second electronic substrate and the second surface 
of the first electronic substrate, and a second conductive trace on the second 
surface of the first electronic substrate. The signal path may also include a second 
electrical and mechanical connection between the second surface of the first 

25 electronic substrate and the first surface of the third electronic substrate, a third 
conductive trace of the first surface of the third electronic substrate, and a third 
electrical and mechanical connection between the first surface of the third 
electronic substrate and the second surface of the second electronic substrate. 
More particularly, the first, second, and third electrical and mechanical connections 

30 may be respective conductive bumps. 
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The first and third electronic substrates may be integrated circuit devices, 
the first side of the first and third electronic substrates may be a device side, and 
the second side of the first and third electronic substrates may be a backside. The 
signal path may be electrically coupled to an electronic circuit of the third 
electronic substrate. The second electronic substrate may also be an integrated 
circuit device, the first side of the second electronic substrate may be a device side, 
and the second side of the second electronic substrate may be a backside. The 
signal path may be electrically coupled to an electronic circuit of the second 
electronic substrate and to an electronic circuit of the third electronic substrate. 
Moreover, the first, second, and third electronic substrates may be respective 
memory devices. 

The electronic device may also include a fourth electronic substrate on the 
third electronic substrate wherein the third electronic substrate is between the 
second and fourth electronic substrates. The signal path may thus further extend 
along the second surface of the second electronic substrate, and to a first surface of 
the fourth electronic substrate. The signal path may also be electrically coupled 
with electronic circuits of the second and fourth substrates. In addition, the signal 
path can be electrically coupled with an electronic circuit of the fourth electronic 
substrate, and the signal path may be free of electrical coupling with an electronic 
circuit of the second electronic substrate. Accordingly, a unique signal path may 
be provided for a particular electronic substrate of the device. In addition, a heat 
dissipating layer may be provided between the first and second electronic 
substrates, and the heat dissipating layer may include a material that is thermally 
conductive and electrically insulating. 

According to yet additional embodiments of the present invention, an 
electroinic device may include a substrate having opposing first and second 
surfaces, a first array of interconnection structures on the first surface of the 
substrate, and a second array of interconnection structures on the second surface of 
the substrate. The first array of interconnection structures can be arranged in a first 
pattern, and the second array of interconnection structures can be arranged in a 
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second pattern. More particularly, the second pattern can be mirror image of the 
first pattern. 

The first array of interconnection structures may include an array of 
interconnection bumps, and the second array of interconnection structures may 
include an array of conductive pads free of interconnection bumps. More 
particularly, the interconnection bumps may be solder bumps, and the conductive 
pads may be solder wettable pads. 

In addition, a third array of interconnection structures may be provided on 
the first face of the substrate arranged in a third pattern, and a fourth array of 
interconnection structures may be provided on the second face of the substrate 
arranged in a fourth pattern. Moreover, the third array of interconnection 
structures may be spaced apart from the first array of interconnection structures, 
and the fourth array of interconnections structures may be spaced apart from the 
second array of interconnection structures. In addition, the fourth pattern may be a 
mirror image of the third pattern. In addition, a first plurality of conductive traces 
on the first surface of the substrate may provide interconnection between at least 
some of the interconnection structures of the first and second arrays on a one to 
one basis. 

Moreover, the substrate may be an integrated circuit substrate such that the 
first surface is a device side of the substrate having electronic circuits (such as 
transistors, diodes, resistors, capacitors, and/or inductors) thereon and the second 
surface is a backside of the substrate. More particularly, the integrated circuit 
device may be an integrated circuit memory device. 

According to still more embodiments of the present invention, an electronic 
device may include first, second, and third integrated circuit substrates with the 
second integrated circuit substrate being between the first and second integrated 
circuit substrates. At least one large bump may provide electrical and mechanical 
connection between the first and third integrated circuit substrates, and at least one 
small bump may provide electrical and mechanical connection between the second 
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and third integrated circuit substrates wherein the at least one large bump has a 
greater volume than the at least one small bump. 

Brief Description Of The Drawings 

Figure 1 is a top perspective view of an electronic device including stacked 
5 electronic substrates according to embodiments of the present invention. 

Figures 2a and 2b are respective views of a device side and a backside of an 
electronic substrate from the stack of Figure 1 according to embodiments of the 
present invention. 

Figure 3 is an exploded view of the electronic substrates of Figure 1 
1 0 according to embodiments of the present invention. 

Figure 4 is a bottom perspective view of the electronic device of Figure 1 
according to embodiments of the present invention. 

Figure 5 is a cross sectional view of an electronic device including stacked 
electronic substrates according to embodiments of the present invention. 
15 Figure 6 illustrates examples of traces providing direct and shifted 

electrical connection between conductive pads and/or bumps according to 
embodiments of the present invention. 

Figures 7a and 7b are device side and backside views of an electronic 
substrate according to alternate embodiments of the present invention. 
20 Figure 8 illustrates examples of traces providing crossed electrical 

connection between conductive pads and/or bumps according to embodiments of 
the present invention. 

Detailed Description 

The present invention will now be described more fully hereinafter with 
25 reference to the accompanying drawings, in which embodiments of the invention 
are shown. The invention may, however, be embodied in different forms and 
should not be construed as limited to the embodiments set forth herein. Rather, 
these embodiments are provided so that this disclosure will be thorough and 
complete, and will fully convey the scope of the invention to those skilled in the 
30 art. In the drawings, the thickness of layers and regions are exaggerated for clarity. 
It will also be understood that when a layer or substrate is referred to as being "on" 
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another layer or substrate, it can be directly on the other layer or substrate, or 
intervening layers or substrates may also be present. It will also be understood that 
when an element is referred to as being "coupled" or "connected" to another 
element, it can be directly coupled or connected to the other element, or 
5 intervening elements may also be present. Like numbers refer to like elements 
throughout. 

Multilayer substrate (such as integrated circuit die) stacking structures 
according to embodiments of the present invention may provide ease of 
fabrication, testing, and assembly. In addition, rework of a completed stack of 
10 substrates may be accomplished by allowing removal and replacement of one or 
more substrates in the stack. Figure 1 is a perspective view of a stack of nine 
substrates lOa-i according to embodiments of the present invention. Figure 2a is a 
top view of a device side 20 of one of the substrates 10 of Figure 1, and Figure 2b 
is a top view of a backside 120 of one of the substrates 10 of Figure 1 . 

1 5 As shown in Figure 1 , each substrate 10 may be slightly offset from 

adjacent substrates to allow room for inter-level vertical interconnections. The 
vertical interconnections can be formed of solder bumps of at least two different 
vertical dimensions. A first smaller dimension of interconnection bump may be 
used for adjacent substrate connections (such as between substrates 10a and 10b, 

20 between substrates 10b and 10c, between substrates 10c and lOd, between 

substrates lOd and lOe, between substrates lOe and lOf, between substrates lOf 
and lOg, between substrates lOg and lOh, and/or between substrates lOh and lOi). 
A second larger dimension of interconnection may be used to traverse more than 
one layer (such as between substrates 10a and 10c, between substrates 10b and 

25 lOd, between substrates 10c and lOe, between substrates lOd and lOf, between 
substrateslOe and lOg, between substrates lOf and lOh, and/or between substrates 
lOg and lOi). Moreover, the interconnections may be provided using conductive 
bumps such as solder bumps. In the structure illustrated in Figure 1, the smaller 
bumps can be on the order of 50 microns in height while the larger bumps can be 

30 on the order of 250 microns in height. The substrates lOa-i (such as silicon 

substrates) may be thinned to less than the height of the large bump minus the 
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joined height of the small bumps (for example, approximately 200 microns to 225 
microns). 

Conductive traces 30 and 130 may be formed of patterned metal layers on 
the device side 20 and on the backside 120 of the substrates lOa-i to thereby 
provide horizontal/lateral interconnections. The conductive traces 30 and 130 can 
interconnect linear arrays of conductive pads 40 and/or 50 and/or solder bumps 
140 and/or 150 in a one-to-one relationship. While not visible in Figures 2a-b, 
conductive pads may also be provided on the device side 20 of the substrate 10 
between the solder bumps 140 and/or 150 and the substrate 10. 

A device side 20 of a substrate 10 (such as an integrated circuit die) is 
illustrated in Figure 2a, and a backside 120 of the substrate 10 is illustrated in 
Figure 2b. In particular, the device side 20 may include electronic circuits (such as 
transistors, diodes, capacitors resistors, and/or capacitors) thereon, and the 
backside 120 may be free of electronic devices. Moreover, an insulating layer(s) 
may be provided on the device side 20 and/or the backside 120 to isolate the 
bumps 40 and/or 50, the conductive pads 140 and/or 150, and/or the conductive 
traces 30 and/or 130 from the substrate and/or electronic circuits thereon. 

According to a particular example, each of the substrates 10 may be an 
integrated circuit device such as a solid state memory device (i.e. static random 
access memory, dynamic random assess memory, non-volatile memory, etc.). 
Accordingly, the electronic circuits on the device side 20 of the substrate 10 may 
provide memory device circuitry such as memory cells, input/output buffers, 
address decoders, amplifiers, etc. Moreover, an insulating layer (such as an oxide 
layer, nitride layer, etc.) may provide isolation between the electronic circuits of 
the memory device and the bumps 40 and/or 50 and/or the traces 30. Moreover, 
one or more vias in the insulating layer may provide contact between particular 
electronic circuits (such as input/output circuits) of the memory device and 
respective bumps 40 and/or 50 and/or traces 30. 

The substrate 10 may also include an insulating layer (such as an oxide or 
nitride layer) on the backside 120 between a semiconductor portion of the substrate 
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10 and the conductive pads 140 and/or 150 and/or the traces 130. On the device 
side 20, conductive traces 30 (such as metal conductor lines) can be provided 
between large solder bumps 50 and smaller solder bumps 40. The conductive 
traces 30 may also be connected to active circuit(s) through vias (not shown), and 
the conductive traces 30 may be short relative to a long dimension of the substrate 
10. In addition, the conductive traces 30 may be defined to include conductive 
pads between the solder bumps 40 and 50 and the substrate 10. 

On the backside 120 of the substrate 10, conductive traces 130 (such as 
metal conductive lines) may be provided to electrically connect large pads 150 to 
small pads 140. In the illustrated example, the conductive traces 130 can have a 
length that is comparable to a length of the long dimension of the substrate 10. 
While relatively short traces 30 on the device side 20 and relatively long traces 130 
on the backside 120 are illustrated in Figures 1 and 2a-b, it will be understood that 
the relative lengths of the traces on the device side 20 and backside 120 may be 
reversed, or the traces on the device side 20 and backside 120 may each extend 
approximately half a lengthwise dimension of the substrate 10. Moreover, solder 
bumps may be placed on the contact pads 140 and/or 150 of the backside 120 and 
contact pads of the device side 20 may be free of solder bumps until bonded with 
another substrate. 

When two substrates 10a and 10b are bonded together, active electronic 
circuits on the device side 20b of the second substrate 10b may be adjacent the 
backside 120a of the first substrate 10a and the small solder bumps 40b of the 
second substrate 10b may be joined to the matching small pads 140a of the first 
substrate 10a. The position of the small pads 140a may be such that the large 
solder bumps 50b of the second substrate extend past the edge of the first substrate 
10a and enable connection to a substrate and/or printed circuit board below the 
first substrate 10a. A third substrate 10c can then be placed on the second substrate 
10b such that the small solder bumps 40c of the third substrate 10c join to the 
small pads 140b of the second substrate 10b and the large solder bumps 50c of the 
third substrate 10c join to the large pads 150a of the first substrate 10a. An 
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exploded view of such a stack is shown in Figure 3, and a perspective bottom view 
of the completed stack is shown in Figure 4. 

Once the substrates lOa-i are aligned, the solder bumps can be heated 
above a melting temperature of the solder and cooled to provide electrical and 
mechanical connections between substrates. More particularly, contact pads 140 
and 150 may provide wettable surfaces to which the solder bumps can bond. 

Accordingly, the large bumps 50 may provide the trans-layer 
interconnection between substrates separated by one or more other substrates, and 
the small bumps 40 may provide adjacent-layer interconnection between adjacent 
substrates. The conductive traces 30 and 130 may tie the trans-layer and adjacent- 
layer interconnections together. 

As shown in the cross section of Figure 5, a stack of substrates lOa-c may 
be mounted on a substrate 210 (such as a printed circuit board PCB) on which 
conductors have been provided corresponding to the small solder bumps 40, the 
conductive traces 30, and the large solder bumps 50. A signal path 60, for 
example, may be provided from the substrate 210 through large bump 50a into 
conductive trace 30a along the device side of the substrate 10a to small bump 40a, 
and then down to a small pad 240 on the substrate 210 below, then across the face 
of the substrate 210 and up through the large bump 50b of the second substrate 
50b. The signal may then traverse the device side (active face) of the second 
substrate 10b through conductive trace 30b and down through small bump 40b 
into the small pad 140a on the backside (inactive face) of the first substrate 10a, 
and then through conductive trace 130a to the large pad 150a and up through the 
large bump 50c of the third substrate 10c. This zig-zag interconnection topology 
may continues up through a stack of any number of substrates 10. 

The signal path 60 is discussed above as following from the substrate 210 
through the bump 50a, through the conductive trace 30a, through the bump 40a, 
and across the substrate 210 to the bump 50b. It will be understood, however, that 
the signal may be separately provided from the substrate 210 to the bump 50b and 
to either the bump 40a and/or the bump 50a. 
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As shown in Figure 5, large bump 50a may be connected between the 
substrate 10a and the substrate 210, and large bump 50b may be connected 
between the substrate 10b and the substrate 210. The substrate 10a, however, is 
closer to the substrate 210 than the substrate 10b. If bumps 50a and 50b of 
5 uniform size are placed on the respective substrates 10a and 10b prior to bonding 
with the substrate 210, a tilting of the stack of substrates lOa-c may result. 
According to embodiments of the present invention, sizes of solder wettable 
conductive pads on the substrate 210 can be varied to provide a relatively parallel 
orientation of the substrates lOa-c relative to the substrate 210. More particularly, 
10 a pad on the substrate 210 used to bond to the bump 50a may be larger than a pad 
on the substrate 210 used to bond to the bump 50b. 

Parallel traces 30 and 130 may allow for all signals to be routed to every 
substrate. For example, the substrates 10 may be integrated circuit memory 
devices, and parallel traces 30 and 130 may provide a signal bus(es) providing one 
15 or more of data input, data output, and/or address input. Accordingly, a plurality 
of signal paths may be provided with each signal path being electrically coupled 
with an input and/or output of each stacked memory device. Parallel traces are 
illustrated in Figures 1, 2a-b, 3, and 4. 

In an alternative, the traces on the device side 20 and/or on the backside 
20 120 may cross so that integrated circuit substrates 10 of identical layout can be 

stacked with adjacent substrates rotated in opposing directions (and facing a same 
direction) and so that a signal path is electrically coupled to a same input/output on 
each stacked substrate. For example, conductive traces 130* on backsides of 
substrates may cross as illustrated in Figure 8. As shown, the conductive traces 
25 130 f may provide electrical connection between respective small conductive pads 
140' and large conductive pads 150\ By reversing connections of traces 130' 
between large contact pads 150* and small contact pads 140\ identical layouts of 
inputs/outputs and traces of substrates in the stack of Figures 1,3, and 4 can be 
used with a particular signal path being electrically coupled to the same 
30 input/output of each substrate. While Figure 8 shows that traces may cross on 
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backsides of the substrates, traces may instead cross on devices sides of the 
substrates. 

In some designs it may be desirable to have a unique signal path(s) 
provided for a particular substrate(s). In some structures including a stack of 
5 integrated circuit memory devices, a unique signal path(s) may be provided for a 
data input/output(s) and/or a chip select input(s) for each memory device in the 
stack. 

In such a case, certain of the conductive traces 30 f on the device side of 
each substrate (such as conductive traces 308-i2 f ) can be shifted one position 

10 laterally as shown in Figure 6. In Figure 6, the signal paths including conductive 
traces 30i^ f between small bumps 40^' and large bumps 50i_ 6 f may continue 
through out a stack of substrates with interconnection to an input/output of each 
substrate in the stack. Accordingly, signal paths including conductive traces 30iV 
may provide a bus(es) for distribution of data input/output and/or address input to 

1 5 each of substrates in a stack. 

In contrast, signal paths including conductive traces 308-12* may shift one 
position over at each substrate in a stack, and the bump 50i2 T for each substrate 
may terminate the unique signal path for that substrate. Signal paths through traces 
30i^* may thus continue throughout the stack whereas signal paths through traces 

20 308-i2 f may terminate one signal at each level. Accordingly, signal paths including 
conductive traces 308-n' may provide a unique signal path for each substrate for 
distribution of a unique data input/output and or chip select signal for each 
substrate. In the example of Figure 6, the bump 50n may be coupled to a data 
input/output or chip select input for the substrate to receive the unique signal for 

25 the substrate. In the example of Figure 6, the bumps 40 7 -i2 f and 50 7 -n f and the 
traces 308-i2 f are electrically isolated from inputs/outputs of the substrate and 
merely provide coupling of unique signal paths to other substrates in the stack 
further from the printed circuit board. 

By way of example, a first substrate in a stack may receive a first unique 
30 signal from a printed circuit board through a bump 50i 2 ' thereon connected to the 
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printed circuit board. A second unique data signal for a second substrate can be 
received through a bump 50 n ' of the first substrate, a third unique data signal for a 
third substrate can be received through bump 50i 0 ' of the first substrate, a fourth 
unique data signal for a fourth substrate can be received through a bump 50 9 ' of the 
first substrate, a fifth unique data signal for a fifth substrate can be received 
through bump 50 8 * of the first substrate, and a sixth unique data signal for a sixth 
substrate can be received through bump 50 7 f of the first substrate. The second 
substrate (including a same arrangement of small and large bumps) may receive 
the second unique data signal through bump 50i 2 ' thereon. The third through sixth 
unique data signals may be received and transmitted through bumps 50 8 -u f and 
4O9.12' and traces 309.12' of the second substrate without coupling to inputs/outputs 
of the second substrate. The third substrate (including a same arrangement of 
small and large bumps) may receive the third unique data signal through bump 
50i2 f thereon. The fourth through sixth unique data signals may be received and 
transmitted through bumps 5O9.11' and 4O10-12' and traces 3O10-12' of the third 
substrate without coupling to inputs/outputs of the third substrate. The fourth 
substrate (including a same arrangement of small and large bumps) may receive 
the fourth unique data signal through bump 50i 2 ' thereon. The fifth and sixth 
unique data signals may be received and transmitted through bumps 50io-n' and 
4O11.12' and traces 30n-i 2 ' of the fourth substrate without coupling to inputs/outputs 
of the fourth substrate. The fifth substrate (including a same arrangement of small 
and large bumps) may receive the fifth unique data signal through bump 50n' 
thereon. The sixth unique data signal may be received and transmitted through 
bumps 50 n ' and 40i 2 ' and trace 30i 2 ' of the fifth substrate without coupling to 
inputs/outputs of the third substrate. 

In the example of a stacked structure discussed above with respect to the 
shifting traces of Figure 6, some traces may be unused (redundant) in substrates of 
the stack. In particular, bumps 40 7 -s' and 50 7 ' and trace 30 8 ' may be unused in the 
second substrate, bumps 40 7 . 9 ' and 50 7 . 8 f and traces 30 8 V may be unused in the 
third substrate, bumps 40 7 _i 0 ' and 50 7 . 9 ' and traces 30 8 .i 0 ' may be unused in the 
fourth substrate, bumps 40 8 . n ? and 50 7 . 10 ' and traces 30s.ii' may be unused in the 
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fifth substrate, and bumps 40 7 -i 2 f and 50 7 -n and traces 30g_n' may be unused in the 
sixth substrate. Accordingly, a same pattern of traces, pads, and bumps can be 
provided on stacked substrates (such as memory devices) having a same layout to 
provide a signal path(s) for data signals common to all substrates in the stack and 
to provide a signal path(s) unique for each of the substrates in the stack. 

While the shifting of traces is discussed above with respect to traces on 
device sides of substrates in a stack, traces may alternately be shifted on backsides 
of substrates. Moreover, stacked substrates according to embodiments of the 
present invention may include both shifting traces (such as traces 308-12* illustrated 
in Figure 6) and crossing traces (such as traces 130' illustrated in Figure 8). By 
combining shifting traces and crossing traces, a same input/output layout may be 
provided for all memory devices in a stack, with a first input/output location of 
each memory device being coupled to a same signal path and with a second 
input/output location of each memory device being coupled to a signal path unique 
to that memory device. In addition, traces may shift and cross on the same or 
different sides of the substrates. In either case, a same layout of input/output 
locations, traces, contact pads, and bumps may be provided for each substrate in a 
stacked structure according to embodiments of the present invention wherein 
alternating substrates (such as memory devices) face a same direction (device sides 
toward a printed circuit board) with adjacent substrates being rotated 180 degrees 
relative to one another. 

As discussed above with regard to Figures 1, 2a-b, 3, and 4, all bumps 40 
and 50 may be provided on device sides 120 of the substrates 10 prior to stacking 
and bonding, and solder wettable conductive pads 140 and 150 may be provided on 
backsides of the substrates 10 for bonding to solder bumps of other substrates in 
the stack. In an alternative illustrated in Figures 7a and 7b, solder bumps 50" may 
be provided on backsides 120" of substrates 10", and solder bumps 40" may be 
provided on device sides 20" of the substrates. Conductive traces 30" on device 
sides 20" of substrates 10" may thus connect bumps 40" and conductive pads 
150", and conductive traces 130" on backsides 120" may connect bumps 50" and 
conductive pads 140". Accordingly, conductive pads 140" on a first substrate may 
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be bonded to small solder bumps 40" on a second substrate, and conductive pads 
150" on the first substrate may be bonded to large solder bumps 50" of a third 
substrate. 

In another alternative, all of the solder bumps could be provided on the 
5 backsides of the substrates prior to stacking and bonding substrates. In yet another 
alternative, the small bumps could be placed on the backsides of substrates and the 
large bumps could be placed on the device sides of the substrates prior to stacking 
and bonding substrates. In still other embodiments, small bumps and/or large 
bumps can be placed on both device sides and backsides of substrates prior to 
10 stacking and bonding. Moreover, placement of long and short conductive traces 
could be reversed with respect to the device sides and backsides. 

According to some embodiments of the present invention, conductive 
traces and/or pads may be formed on substrates by blanket deposition of metal 
followed by patterning, such as photolithographic patterning. Moreover, solder 
1 5 bumps may be formed by plating, such as electroplating. In an alternative, 
conductive traces, conductive pads, and/or bumps for the device sides and/or 
backsides of substrates may be separately formed on thin flexible substrates, and 
the thin flexible substrates can be bonded to the electronic substrates later. 

Conductive bumps used for interconnection can be solder, solid metal, 
20 conductive organic material, or other known connection material. Likewise the 
conductive pads can be pins, posts, pillars, beams, springs, receptacles, sockets, 
and/or other mating structures for the conductive bumps. In addition, the large and 
small bumps may be defined to include a solder bump in combination with a 
conductive pad (such as an under bump metallurgy layer). 

25 Although the description of this structure showed the electronic substrates 

as collinear relative to the long dimensions thereof, the stacked substrate structures 
according to embodiments of the present invention could be provided with 
substrates overlapping at other angles such as 30 degrees, 45 degrees, 60 degrees, 
or 90 degrees. Structures including stacked substrates according to embodiments 

30 of the present invention could also be combined with other stacking and/or 
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interconnection structures to provide additional connectivity, unique signals to 
certain levels, and/or other features afforded by different interconnection 
structures. 

According to embodiments of the present invention, a stacked structure of 
5 integrated circuit (IC) devices (such as illustrated in Figures 1 and 4) may be tested 
prior to bonding on a printed circuit board. If it is determined that a defective IC 
device in the stack should be replaced, a portion of the stack on one side of the 
defective IC device can be clamped with a first clamp, and the remainder of the 
stack can be clamped with a second clamp. The stack of IC devices can then be 
10 heated above a melting temperature of the solder bumps and the clamps separated 
to divide the stack. The defective IC device can then be replaced and the stack re- 
soldered. 

For thermal management, thin, high thermal conductivity layers (having 
low electrical conductivity) can be provided between the substrates during the lay- 
15 up of the stack. For example, diamond-like composite (DLC) films and/or carbon 
fiber laminates of approximately 25 microns thickness can be provided between 
substrates of the stacks of Figures 1 and 4. Such materials may provide relatively 
low electrical conductivity and relatively high lateral thermal conductivity to 
improve dissipation of thermal energy. Moreover, the thermal conductivity layers 
20 may be connected to one or more heat sinks adjacent the stack. While the 

thermally conductive layers may desirably be electrically insulating, the property 
of being electrically insulating is not required. For example, an electrically 
conductive layer(s) may be used provided that it does not electrically short pads, 
bumps, and/or traces. In another alternative, the thermally conductive layer(s) may 
25 be electrically conductive with an electrically insulating layer thereon. 

According to additional embodiments of the present invention, an 
electronic device may include at least first, second, and third electronic substrates, 
such as substrates lOb-d illustrated in Figures 1, 2a-b, 3, and 4. As shown, the 
second electronic substrate 10c may be between the first electronic substrate 10b 
30 and the second electronic substrate lOd. In addition, a first electrical and 

mechanical connection(s), such as solder bump(s) 50d, may be provided between 
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the first electronic substrate 10b and the third electronic substrate lOd. Moreover, 
a second electrical and mechanical connection(s), such as solder bump(s) 40d, may 
be provided between the second electronic substrate 10c and the third electronic 
substrate lOd. 

As shown in Figures 1 and 4, the second electronic substrate 10c may be 
offset relative to the first electronic substrate 10b and third electronic substrate lOd 
so that a first end of the second electronic substrate 10c extends beyond the first 
and third electronic substrates. In addition, the first electronic substrate 10b and 
third electronic substrate lOd may extend beyond a second end of the second 
electronic substrate 10c. As further shown in Figures 1 and 4, the first electronic 
substrate 10b may be stacked on additional substrates (such as electronic substrate 
10a), and additional substrates (such as electronic substrate lOe) may be stacked on 
the third electronic substrate lOd. 

Each of the first and third electronic substrates 10b and lOd may include a 
device side 20 having electronic circuits (such as transistors, resistors, capacitors, 
inductors, and/or diodes) thereon and a backside 120 free of electronic circuits 
thereon. Accordingly, the first and third electronic substrates may be integrated 
circuit devices such as integrated circuit memory devices. In addition, the second 
electronic substrate may also be an integrated circuit device such as an integrated 
circuit memory device. Moreover, device sides of the electronic substrates may 
face in a common direction. 

In an alternative, one or more of the electronic substrates may be provided 
for interconnection only without providing electronic circuits therein. By way of 
example, even ones of the substrates of Figures 1 and 4 may be integrated circuit 
memory devices, and odd ones of the substrates of Figures 1 and 4 may be 
provided for interconnection only without providing memory functionality. 

In addition, the stack of electronic substrates of Figures 1 and 4 may be 
bonded to a printed circuit board. Accordingly, stacked IC memory devices 
according to embodiments of the present invention may be used to increase 
memory capacity on a printed circuit board (PCB) without significantly increasing 
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PCB real estate consumed by memory devices. Stacked electronic substrates 
according to embodiments of the present invention may thus be particularly suited 
for use in portable electronic devices such as personal digital assistants (PDAs), 
pocket computers, mobile radiotelephones, etc. 

5 While stacks of substrates of a same size are discussed above, substrates of 

different sizes may be stacked and bonded according to embodiments of the 
present invention. Moreover, different redistributions of inputs/outputs to traces, 
pads, and/or bumps can be provided for different substrates in a stack according to 
embodiments of the present invention. For example, substrates may be stacked 

1 0 with odd substrates in the stack having a first orientation and with even substrates 
in the stack having a second orientation (i.e. rotated 180 degrees relative to the first 
substrate). More particularly, substrates in the first orientation may have a first 
redistribution of inputs/outputs to traces, pads, and/or bumps, and substrates in the 
second orientation may have a second redistribution of inputs/outputs to traces, 

1 5 pads, and/or bumps. More particularly, the redistribution may be reversed for 
substrates in the second orientation relative to substrates in the first orientation. 
Accordingly, a same data path may be connected to a same input/output of each 
substrate in the stack without crossing traces as discussed above with respect to 
Figure 8. Moreover, substrates may be stacked without rotating according to still 

20 more embodiments of the present invention. 

While this invention has been particularly shown and described with 
reference to embodiments thereof, it will be understood by those skilled in the art 
that various changes in form and details may be made therein without departing 
from the spirit and scope of the invention as defined by the appended claims and 
25 their equivalents. 
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